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Cristina Ramírez-Fuentes, Joan Ferràs-Tarragó, 
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11.1	 �Background

It is widely accepted that the vast majority of 
patients with anterior knee pain (AKP) do not 
need a surgery; they only need conservative treat-
ment [1–3]. In more cases than desirable, the 
AKP patient worsens after surgical treatment 
[4]. In fact, many surgeries in AKP patients are 
undertaken to address complications from previ-
ous poorly performed or badly indicated surger-
ies intended to treat AKP [4]. The patellofemoral 
joint (PFJ) does not really tolerate surgical pro-
cedures that do not respect its unique anatomi-
cal, biological, and biomechanical characteristics 
[5, 6]. That is why AKP surgery is not performed 
frequently. However, the results of conservative 
treatment for AKP are often frustrating—40% 
of AKP patients have an unfavorable recovery 

with conservative treatment at 12  months after 
the initial diagnosis [7]. This high percentage of 
unfavorable results may be due to some of these 
patients actually needing surgical treatment but 
not receiving it because their doctor lacks ade-
quate knowledge to make a precise diagnosis.

Poor results of surgery in AKP patients may 
arise either because the diagnoses are inaccurate 
or because physiopathological premises (i.e., 
“pathologic” tibial tuberosity-trochlear groove 
[TT-TG] distance) on which surgery is based are 
incorrect and therefore treatment is also incor-
rect. Currently, the TT-TG distance is widely 
used as an indicator for medialization of the tib-
ial tubercle in the AKP patient. However, Tensho 
and colleagues [8] have proved that knee rotation 
affects the TT-TG distance more than tubercle 
malposition does. For this reason, it should not 
be used for tibial tubercle transfer as an indicator. 
Unfortunately, many orthopedic surgeons operate 
on what computed tomography (CT) or magnetic 
resonance imaging (MRI) shows, that is, chon-
dropathy, lateral patellar subluxation, patellar tilt, 
or increment of the TT-TG distance. Using this 
information as the basis for surgery is a critical 
error—and it is responsible for the poor reputa-
tion of AKP surgery. The patient with AKP is 
at high risk of receiving surgical treatment with 
little or no scientific basis simply because AKP is 
a musculoskeletal pathologic entity with a poorly 
understood etiopathogenesis [9].
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For AKP patients who could benefit from 
surgery, a knowledgeable surgeon and a correct 
diagnosis are crucial. Required factors include a 
careful history, close attention to what the patient 
reports, physical examination, and use of imag-
ing. Unfortunately, many orthopedic surgeons 
base their surgical indications on an MRI or CT 
alone—it seems they are operating on an image 
instead of a person. Speaking with a patient 
and physical examination are fundamental, but 
neglected too often. This, in turn, triggers a failed 
patellofemoral surgery. One of the most powerful 
causes of AKP that both doctors and the litera-
ture forget to mention is the pain resulting from 
torsional alterations of the lower limb. However, 
tibiofemoral rotation has yet to be integrated into 
our thinking. If we carry out a search on PubMed, 
we see that there are few papers on torsional 
alterations of the lower limbs in patellofemoral 
disorders [10–30]. Furthermore, most of them 
are recent and published by the same group of 
researchers. In fact, most of the current literature 
discusses patellar alignment in association with 
AKP as a problem of the patella itself (increased 
tilt or increased shift of the patella). However, 
in many cases the problem is not in the patella 
but in the femur. Then, it is of a vital importance 
to assess the rotational profiles of the femur and 
tibia in an AKP patient. As far back as in 1995, 
Flandry and Hughston [31] showed that the most 
frequent cause of failure of an extensor mecha-
nism realignment surgery was the existence of 
an underlying torsional alteration not diagnosed 
and therefore not treated. Stevens and colleagues 
[26] have demonstrated clinical improvement 
after osteotomies of femur and/or tibia in patients 
with a previous failed surgery (tibial tubercle 
osteotomy, LRR or arthroscopic debridement) to 
treat AKP in whom torsional abnormalities of the 
lower limb were unnoticed. These authors state 
that many orthopedic surgeons focus only on the 
knee when they see an AKP patient. Torsional 
abnormalities are often unrecognized.

This chapter focuses on the patient with AKP 
without patellofemoral chondropathy or osteo-
arthritis as the cause of pain. Consequently, 
techniques such as the anteromedialization of 
the tibial tubercle (Fulkerson’s osteotomy) and 

the patellofemoral arthroplasty are not analyzed 
in-depth here. This chapter analyzes the current 
state of knowledge of surgical treatment of AKP 
patients, emphasizing the importance of the diag-
nosis and treatment of torsional alterations of the 
lower limb. Surgical techniques include mini-
mally invasive procedures, such as peripatellar 
synovectomy or resection of synovial hypertro-
phy around the inferior pole of the patella, and 
major surgical techniques such as rotational oste-
otomies. Indeed, limb osteotomy should be seri-
ously considered as a part of the armamentarium 
for treating AKP patients.

11.2	 �When Surgery Is Needed: 
General Principles

AKP remains a challenging condition for an ortho-
pedic surgeon. Although surgery is not habitually 
needed, it is also true that in many cases AKP 
patients come to an orthopedic surgeon in search 
of a surgical solution. The surgeon must then 
determine what surgical procedure, if any, has the 
potential to improve the patient’s condition and, 
most importantly, do no harm them.

As suggested by Post and Dye “Think of sur-
gery as a tool used to create an environment in 
which homeostasis may be restored” [2].

A right diagnosis is paramount. To arrive at 
that diagnosis, answers are needed to the follow-
ing questions: (1) is AKP secondary to patellar 
instability, or does it arise from bone rubbing or 
tension in the soft tissues?; (2) does the patient 
have a neutral mechanical axis, or is varus or val-
gus present?; (3) does he or she have abnormal 
torsion (i.e., considerable external rotation of the 
tibia or internal rotation of the femur)?; and (4) 
is the quadriceps too tight? A critical factor to 
consider when treating AKP patients is whether 
patellofemoral instability is present concurrently. 
Treatment of underlying patellar instability in 
these patients should be undertaken with caution, 
and the patients must know that surgical patel-
lar stabilization may not relieve AKP. Moreover, 
a careful assessment of the limb alignment is an 
essential part of the physical evaluation of the 
AKP patient.

V. Sanchis-Alfonso et al.
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Many orthopedic surgeons base their surgical 
indication for patellofemoral surgery on a TT-TG 
distance greater than 20 mm. Use of this param-
eter as the deciding factor is a critical mistake 
because it can be a source of surgical failure and 
iatrogenia. We must not use imaging numbers to 
treat a patient. Physical examination is the key 
part of assessing AKP.

Historically, great importance has been given 
to the presence of a lateral patellar subluxation, 
which is attributed to excessive traction of the 
lateral retinaculum (LR) in the AKP patient. 
However, the LR does not pull the patella later-
ally—it prevents it from moving too far medi-
ally. Lateral patellar subluxation could be due to 
inadequate lateral trochlear inclination, genu val-
gum, or abnormal femoral anteversion. If lateral 
subluxation of the patella is present, the patel-
lar tendon approaches the tibial tuberosity from 
a more lateral direction. Specifically, when the 
quadriceps contracts, more of its force through 
the patellar tendon is diverted into pulling the 
tuberosity laterally, causing the tibia to rotate 
more externally on the femur. Therefore, using 
a lateral retinaculum release (LRR) to correct a 
lateral patellar subluxation is inappropriate. We 
must treat the underlying cause, for example, an 
excessive femoral anteversion.

A key step in surgical decision-making is to 
identify whether AKP is related to patellofemoral 
overload. Pain related to it is generally localized 
and worsened or improved depending on the load 
applied to the PFJ. Patients with localized, load-
related pain may be more amenable to successful 
surgical treatment, while diffuse, constant pain 
generally does not improve with surgery.

A true skeletal malalignment of the lower limb 
could be responsible for focal overload in the PFJ 
[6, 28–30, 32–34]. In these cases, imaging studies 
such as single-photon emission computed tomog-
raphy (SPECT)-CT can document overloaded 
areas (Fig. 11.1). Rotational osteotomies may be 
used to unload bone and peripatellar soft tissues 
and create an adequate environment for return 
to homeostasis. Addressing the involved struc-
tures (trochlea, cartilage, and ligaments) does 
not address the cause of the abnormal force that 
produces focal overload; however, osteotomy is 
strongly able to change the direction of the force. 
This ability is particularly important when an 
abnormal limb alignment (transverse or coronal 
plane or combination) is present. If the cartilage 
is repaired, but the mechanics that caused its 
failure are ignored, failure is the likely outcome. 
It appears to be adequate to place the trochlear 
groove under the patella instead of forcing the 

Fig. 11.1  SPECT-CT in an AKP patient with 40° of external tibial rotation. External tibial rotation increases pressure 
on the lateral side of the PFJ
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latter over the trochlear groove. In short, think 
about limb alignment, not patellar alignment. 
Paulos and colleagues [25] compared 2 surgical 
techniques in 25 patients with patellar instabil-
ity and significant lower leg deformities. Group 1 
underwent a rotational high tibial osteotomy, and 
Group 2 underwent an Elmslie-Trillat-Fulkerson 
proximal-distal realignment. Results in Group 1 
were significantly better than those in Group 2.

In short, we must always evaluate the follow-
ing: (1) skeletal alignment (i.e., geometry, includ-
ing the trochlea); (2) ligaments (i.e., the presence 
of hypermobility and its cause and location); (3) 
articular cartilage (i.e., complete or partial loss, 
location of the loss, possibility to shift contact to 
intact cartilage); and (4) muscle (i.e., symmetri-
cal atrophy versus gross imbalance).

11.3	 �Minimally Invasive Surgical 
Procedures

LRR has a long history, and it has often been 
used to treat AKP recalcitrant to conservative 
treatment in very selected patients with a patel-
lar tilt and a tight LR, which is demonstrated 
by an inability to evert the lateral patella to a 
neutral position on physical examination [35]. 
In a systematic review of literature, Lattermann 
and colleagues [36] demonstrated that the iso-
lated LRR for AKP yielded 76% of good results 
with no significant difference between open or 
arthroscopic procedures. They showed a need 
for revision surgery in 12% of the cases after a 
52-month follow-up, but they emphasized that 
the surgical procedure is necessary in less than 
15% of AKP patients. Nevertheless, the authors 
drew attention to the need for randomized clini-
cal trials to assess the advantages of this pro-
cedure when treating AKP. Currently, however, 
experienced knee surgeons with a special inter-
est in the patellofemoral joint rarely perform 
isolated LRR [37]. Iatrogenic medial patellar 
instability has been described after excessive 
LRR or in the setting of LRR performed in cases 
of patellar tilt without a tight LR or in patients 

with a severe trochlear dysplasia [38]. Lateral 
retinacular lengthening has been reported as an 
alternative to LRR in order to avoid eventual 
complications of itself [37]. Moreover, releas-
ing the painful retinaculum in a limited way in a 
very selected group of AKP patients may relieve 
pain [39]. Finally, arthroscopic LRR of a symp-
tomatic type III bipartite patella without exci-
sion of the accessory bone fragment is related 
to excellent AKP relief and early return to sport 
activities [40].

When a focal soft tissue source of AKP 
refractory to an adequate conservative treatment 
can be identified, arthroscopic debridement of 
this pathologic tissue can relieve the pain [41, 
42]. The most frequent sources of pain would 
be synovial hypertrophy around the inferior 
pole of the patella, Hoffa fat pad impingement, 
or peripatellar synovitis. Use of a superome-
dial portal could help to avoid potential errors 
arising from viewing the anterior compartment 
from a peripatellar tendon portal [2]. These 
minimally invasive surgical procedures should 
not be approached lightly. It is imperative to 
avoid postoperative hemarthrosis, which can 
be very painful and set back restoration of 
homeostasis [1, 2]. Therefore, intraoperative 
hemostasis must be meticulous, and a 24-hour 
drain through one of the arthroscopic portals 
of the patient’s knee is advised. Other patients 
may require removal of a chronically tender 
synovial band of tissue or plica. Moreover, it 
has been suggested that the ligamentum muco-
sum (i.e., infrapatellar plica) could potentially 
play a role in the pathogenesis of AKP [43]. 
Release or resection of the infrapatellar plica, 
which tethers the Hoffa fat pad, significantly 
improves AKP in these patients [44]. In patients 
with AKP recalcitrant to conservative treatment 
for more than 6 months and with no associated 
structural anomalies, patellar denervation could 
be an option [45].

Soft tissue impingement can also be associated 
with osseous hypertension, which can produce 
transitory ischemia and mechanical stimulation 
of nociceptors and therefore pain. Patients with 
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an intraosseous hypertension of the patella with 
a positive pain provocation test (i.e., pain repro-
duced by raising infrapatellar pressure) could be 
good candidates for extra-articular arthroscopic 
patellar decompression [46].

11.4	 �Major Surgical Procedures: 
Osteotomies

In the setting of patella alta, excessive load of 
the distal patella can occur due to decreased 
engagement of the patella in the trochlea, con-
centrating load on a smaller than normal area 
of cartilage with a resultant increase in carti-
lage load which may provoke cartilage wear 
[47]. These patients may respond positively to 
treatment with a distalizing tibial tubercle oste-
otomy that increases contact area with triggered 
decrease in PF pressure. In case of a lateralized 
tibial tubercle with a visible patellofemoral mal-
tracking and a correct alignment of the limb, a 
tibial tubercle osteotomy can be considered. 
Anteromedialization of the tubercle can effec-
tively unload the lateral and distal aspects of the 
patella in these situations and yield excellent 
pain relief [48–50]. This procedure is especially 
attractive in the face of concurrent lateral patel-
lofemoral osteoarthritis.

In cases when all of the following are pres-
ent: (1) diffuse disproportionate patellar carti-
lage softening, (2) disabling AKP, (3) failure 
of adequate physical therapy treatment, and (4) 
normal patellofemoral tracking, a fresh patel-
lar allograft transplantation could be a good 
option [51].

11.4.1	 �Torsional Malalignment 
of the Lower Limb

A not infrequent cause of intractable AKP is the 
torsional malalignment of the lower limb [10, 11, 
13–19, 21, 22, 24, 26]. It is very often missed, 
despite being easy to detect, but more common 
than generally appreciated.

11.4.1.1	 �Rationale
Limb alignment appears to have a very power-
ful influence on the quadriceps vector [30]. If 
an abnormal quadriceps vector is an important 
contributor to AKP and skeletal malalignment of 
the lower limb explains the offending quadriceps 
vector, then any torsion or coronal correction is 
important [30]. It is important to note that small 
alterations in skeletal alignment of the lower 
limb can result in significant alterations in PFJ 
stresses. Osteotomy has a strong ability to change 
the direction of the force and therefore treat these 
patients.

Lee and colleagues [33] have demonstrated 
that femoral rotation results in an increase in PFJ 
contact pressures on the contralateral facet of the 
patella (i.e., lateral PFJ during internal rotation 
of the femur and vice versa) and tibial rotation 
results in an increase in PFJ contact pressures on 
the ipsilateral facet of the patella. Lee and col-
leagues have demonstrated that tibial rotation has 
an influence not only on PFJ contact pressures 
and areas but also on strain in the peripatellar 
retinaculum [6]. More recently, Passmore and 
colleagues [34] have shown that idiopathic lower 
limb torsional deformities of the femur and tibia 
in children and adolescents are associated with 
gait impairments as well as a loading increment 
of the hip and PFJ. Thus, idiopathic lower limb 
torsional deformities are not a purely cosmetic 
issue. Using a finite element model, Liao and 
colleagues [52] have demonstrated that internal 
rotation of the femur provokes and increment of 
the PFJ stress.

11.4.1.2	 �Clinical Evaluation
Two types of torsional alteration of the lower 
limb are possible: (1) excessive external tibial 
torsion (Fig.  11.2) and (2) excessive femoral 
anteversion associated with an increased exter-
nal tibial torsion (Fig.  11.3). One of the ques-
tions yet to be answered, biomechanically, is 
“Are excess tibial torsion and excess of femoral 
anteversion of equal mechanical importance?” 
or “Does tibial or femoral torsion have a greater 
negative mechanical influence?”. The importance 
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of different maltorsions is unclear. In theory, we 
should operate on the level with the greatest 
deformity, recognizing that it may be necessary 
to operate on the other level in a second surgery. 
When we must perform both femoral and tibial 
rotational osteotomy, we recommend performing 
the two procedures simultaneously. Osteotomy 
may be placed anywhere between the reference 
lines used to measure a torsional deformity.

Coronal deformities must not be overlooked 
because both torsional deformities and coronal 

plane deformities are associated in many cases. 
The most common multiplanar deformity in AKP 
patients is internal femoral torsion and valgus, 
and in these cases, both deformities must be cor-
rected [30].

When the patient stands with their feet parallel, 
the patella should be facing forward. In patients 
with excessive external tibial torsion, we can see 
a squinting patella and a genu varum (Fig. 11.2). 
The combination of increased femoral antever-
sion and increased external tibial torsion has 

Normal female:
13° Femoral anteversion
27° External tibial torsion

Female
57° External tibial torsion
=30° Excess tibial torsion

Fig. 11.2  Squinting patella in a patient with excessive exter-
nal tibial torsion. (Photographs: Reused with permission 
from AME Publishing Company. From Sanchis-Alfonso V 
et al. Ann Joint 2018; 3:26. Graphics: Reused with permis-

sion from Elsevier. From Teitge RA.  Patellofemoral 
Disorders Correction of Rotational Malalignment of the 
Lower Extremity. In: Noyess Knee Disorders: Surgery, 
Rehabilitation, Clinical Outcomes, 2017)

V. Sanchis-Alfonso et al.
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been termed miserable malalignment syndrome 
that includes squinting patella, genu varum, genu 
recurvatum, and pronated foot (Fig. 11.3).

In prone position we must measure the pro-
portion of internal to external rotations of the 
hips in extension [53]. If internal rotation exceeds 
external rotation in more than 30 degrees, there is 
an increased femoral anteversion (Fig. 11.4). In 
cases with isolated excessive external tibial tor-
sion, internal and external rotations are similar 
(Fig. 11.5).

What is more, it is important to evaluate the 
foot progression angle. The “foot progression 
angle” should be neutral when walking [54, 55]. 
An excessive femoral anteversion is manifested 
by a gait pattern with an internal foot progression 
angle (in-toeing) and external tibial torsion by 
out-toeing (Fig. 11.6) [26]. However, if an exces-
sive femoral anteversion is associated to exces-
sive external tibial torsion (i.e., pan genu torsion 
or miserable malalignment), the foot progression 

angle will be neutral, and this combined long 
bone deformity may be concealed to the unwary 
observer [11, 26]. It is therefore important to 
have a patient appropriately unclad and note that 
the knee progression angle is inward [11, 26].

11.4.1.3	 �Measuring Torsion
Measuring torsion may be accomplished with 
either CT or MRI, although controversy exists 
about which method is the most accurate and 
reproducible [56, 57]. However, CT and MRI 
are not interchangeable when they are used to 
evaluate femoral anteversion [58]. Moreover, 
CT has higher interobserver reliability than MRI 
[58]. Excessive femoral anteversion has differ-
ent thresholds according to MRI and CT mea-
surements [58]. According to Parikh and Noyes, 
MRI has an advantage over CT because femoral 
anteversion measurements are more accurate and 
ionizing radiation is avoided [57]. In addition, 
measured values vary greatly in the literature. CT 

Normal female:
13° Femoral anteversion
27° External tibial torsion

Female with
47° Femoral anteversion and
57° External tibial torsion
=30° Excess femoral anteversion and
=30° excess external tibial torsion

Fig. 11.3  Miserable malalignment syndrome. (Graphics: 
Reused with permission from Elsevier. From Teitge 
RA.  Patellofemoral Disorders Correction of Rotational 

Malalignment of the Lower Extremity. In: Noyess Knee 
Disorders: Surgery, Rehabilitation, Clinical Outcomes, 
2017)

11  Is There a Surgical Treatment of Patellofemoral Pain?

https://www.ncbi.nlm.nih.gov/pubmed/?term=Parikh S[Author]&cauthor=true&cauthor_uid=23016003
https://www.ncbi.nlm.nih.gov/pubmed/?term=Noyes FR[Author]&cauthor=true&cauthor_uid=23016003


156

is crucial to accurately analyze rotational lower 
limb alignment (Figs. 11.7 and 11.8). Kaiser and 
colleagues [56] showed that femoral torsion mea-
surements can differ by more than 10 degrees, 
depending on the measurement technique used.

In our clinical practice, we use the technique 
described by Murphy and colleagues [59] in 
1987 because we find that it is the most ana-
tomic, accurate, and reproducible—high intra- 
(ICC: 0.95–0.98) and interobserver agreement 
(ICC: 0.93) has been reported for this method 
[56]. Murphy and colleagues reported that the 
common method of running a line along the 

femoral neck on a CT image underestimated the 
actual anteversion by a mean of 13° [59]. The 
line that is used as the axis of the femoral neck is 
not the true axis of the femoral neck (Fig. 11.7). 
Our reference normal values are femoral ante-
version 13° and external tibial torsion 21° in 
males and 27° in females [28, 29, 60].

11.4.1.4	 �Surgical Tips in Rotational 
Osteotomies

Rotational osteotomies are often performed 
according to the experience of the surgeon. There 
is no evidence to support decisions regarding sur-

Fig. 11.4  Evaluation in 
prone position in a 
patient with excessive 
right femoral 
anteversion

V. Sanchis-Alfonso et al.
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gical technique or level of osteotomy. We do not 
know if maltorsion exists at a particular location 
since we are only measuring torsion as the angle 
between the proximal and distal joint axis. The 
objective is to create the proper angular relation-
ship in the transverse plane between the two axes. 
We can accomplish this at any location between 
the two axes in question.

In preparation for a rotational osteotomy, the 
patient is placed in supine position on a radiolu-
cent table. The entire limb is exposed. The foot 
is in a sterile transparent bag and the drape rests 
above the hip joint so the entire limb is visible 
after correction. A tourniquet is not used, and the 
C-arm is placed on the opposite side to the oper-
ated limb. Femoral rotational osteotomy can also 
be performed using a fracture table.

Undercorrecting is better than overcorrecting. 
The objective is a correction that is slightly less 
than what a torsion measurement might indicate. 
For example, if a patient has a femoral antever-
sion of 49°, the aim should be an external femo-
ral rotation of 30° but not more (49 − 30 = 19). 
For an external tibial torsion of 56°, we would 
propose an internal rotational osteotomy of 30° 
(56 −  30  =  26). But we do not know what the 
minimum correction is necessary for the surgery 
to be successful (Fig. 11.9). According to Lerat 
and Raguet [21], the risk of neurovascular com-
plications increases significantly above 30° of 
correction in the tibia.

Rotational osteotomy of the femur may be 
made anywhere between the hip joint and the 
knee joint. There is no evidence that proximal, 

Fig. 11.5  Evaluation in 
prone position in a 
patient with near normal 
hip motion (femoral 
anteversion). This 
patient had an excessive 
external tibial torsion 
measured with CT

11  Is There a Surgical Treatment of Patellofemoral Pain?
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Fig. 11.6  Foot progression angle in a patient with exces-
sive external tibial torsion. In this case  the foot is exter-
nally rotated during the swing phase of gait, then internal 
rotation osteotomy of the tibia should result in a neutral 
foot progression angle during stance phase; and this is 
something considered as correct. If the foot is neutral dur-

ing the swing phase of gait, then internal rotation of the 
tibia can result in an in-toeing gait during stance phase. 
And this, on the other hand, is not correct. (Reused with 
permission from AME Publishing Company. From 
Sanchis-Alfonso et al. Ann Joint 2018; 3:26)

V. Sanchis-Alfonso et al.
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mid-shaft, or distal location of the osteotomy 
is preferable. We have most often performed 
femoral rotational osteotomy at the intertro-
chanteric level to avoid any scarring to the 
quadriceps muscle in the region of the knee. 
It is more straightforward to control the varus-
valgus and flexion-extension at this particular 
level as the femur is more cylindrical. However, 
in case of the deformity of knee varus or val-
gus, the correction must be made closer to the 
knee joint, and usually it would be in the supra-
condylar region. After marking the osteotomy 
level with a K-wire, we insert two K-wires at 
an angle equal to the desired rotational cor-
rection, one proximal and one distal to the 
osteotomy site. The osteotomy is completed 
using an oscillating saw while protecting soft 
tissues with two Hohmann retractors. After the 
osteotomy is complete, external rotation of the 

Fig. 11.8  Measurement of external tibial torsion. It is 
measured as the angle between the posterior aspect of the 
tibial metaphysis and the ankle joint line

a

e f

b c d

Fig. 11.7  Measurement of femoral anteversion. (a) 
Technique described by Murphy and colleagues. Draw a 
circle on the femoral head (b) and another circle centered 
in the femoral shaft below to the lesser trochanter (c). 
Then draw a line connecting the center of these two cir-
cles. This line defines the femoral neck axis in the trans-
verse plane. Then draw a line tangent to the posterior 
aspect of the femoral condyles (posterior condylar line). 

The angle between these two lines represents the femoral 
anteversion. (d) Method commonly used to measure fem-
oral anteversion. The line that is used as the axis of the 
femoral neck (orange line) is not the true axis of the femo-
ral neck. (e) Whole femur 3D reconstruction. (f) Femoral 
anteversion of the same patient measured on 3D recon-
struction of the whole femur

11  Is There a Surgical Treatment of Patellofemoral Pain?
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distal fragment is performed until both K-wires 
are parallel, which indicates that the planned 
correction has been achieved (Figs. 11.10 and 
11.11). We then perform the osteosynthesis. 
In cases of proximal osteotomy, we can use 
a 95° angled blade plate (DePuy Synthes) as 
the insertion of a blade into the proximal frag-
ment gives an excellent proximal fixation, the 
distal shaft fragment is easily aligned to the 
plate, and a lateral plate under tension counters 
the normal varus bending stress in the proxi-
mal femur. When the 95° angled blade plate is 
selected, the track for blade is created in the 

center of the femoral neck before the osteot-
omy is performed. The blade of the blade plate 
is inserted into the femoral neck after the oste-
otomy is complete. This provides accurate con-
trol of the location of the proximal fragment. 
Another option would be a proximal femo-
ral locking compression plate (LCP) 4.5/5.0 
(DePuy Synthes) [23].

As with the femoral osteotomy, tibial rota-
tional osteotomy has also been performed at 
any level. Our preference is below tibial tuber-
osity. Kuroda and colleagues have demonstrated 
that medial tuberosity transfer from the nor-

Fig. 11.9  Bilateral severe external tibial torsion (CT measurement: 72°). Patient operated on both legs by tibial oste-
otomy of internal rotation with an excellent result in both limbs despite the undercorrection of the left side
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mal position will provoke an increment of the 
medial tibiofemoral compartment pressure and 
medial patellofemoral pressure and a decrease 
of the lateral tibiofemoral pressure that theoreti-
cally leads to medial compartment osteoarthri-
tis, degenerative tears of the medial meniscus, 
and medial patellofemoral osteoarthritis [61]. If 
we place the osteotomy above the tubercle, we 
will move it medially which will create joint 
imbalance. We always perform a peroneal nerve 

release. Moreover, fibular osteotomy is recom-
mended before making the tibial rotation because 
(1) the fibula provides some degree of resistance 
to prevent rotation of the tibia and (2) the fibula 
must pull on the proximal and distal tibiofibu-
lar capsule, which could be painful. A proximal 
long oblique cut is recommended because it pro-
vides a larger surface area of contact between the 
bones, making healing easier. With a transverse 
osteotomy, enough rotation is present to prevent 

a b

c d

Fig. 11.10  Think about limb alignment, not patellar 
alignment. (a) Preoperative position of the patella with 
respect to the femur with the knee in extension. (b, c) 
Position of the patella with respect to the femur with the 
knee in extension after proximal femoral osteotomy. The 

distal fragment has been rotated externally 20°. You can 
observe a correct patellofemoral congruence. (d) The 
femoral anteversion of the femur measured on a 3D recon-
struction is 19°. In the contralateral asymptomatic hip, the 
femoral anteversion is 15°

11  Is There a Surgical Treatment of Patellofemoral Pain?
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two fragments from being in contact, and healing 
can take more than 1 year. To protect the nerve 
while making the osteotomy with a small saw, we 
place two hallux retractors around the neck of the 
fibula.

Prior to tibial osteotomy, we mark the oste-
otomy level with a K-wire. We then place two 
K-wires at the desired correction angle, perform 
the osteotomy below the tibial tuberosity, dero-
tate the tibia, and check.

The varus in patients with external tibial rota-
tion may be real, or it may be a reflection of the 
tibial torsion (thus pseudo-varus) (Fig.  11.12). 
In Fig. 11.13 we can observe a varus correction 
after isolated internal tibial rotation osteotomy. 
Therefore, it is very important to check whether 
there is a neutral coronal plane alignment after 
rotation, before fixation. We use the alignment 
rod from the center of the femoral head to the 
center of the talus to make sure the mechanical 

a

c d

b

Fig. 11.11  Think about limb alignment, not patellar 
alignment. (a) Preoperative position of the patella with 
respect to the femur with the knee in extension. (b, c) 
Position of the patella with respect to the femur with the 
knee in extension after distal femoral osteotomy. The dis-
tal fragment has been rotated externally 20°. You can 

observe a correct patellofemoral congruence. (d) The 
femoral anteversion of the femur measured on a 3D recon-
struction is 19°. In the contralateral asymptomatic hip, the 
femoral anteversion is 15°. In red, the preoperative femo-
ral anteversion
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a b

Fig. 11.12  An example of skeletal malalignment of the 
lower limb: excessive external tibial torsion associated to 
excessive femoral anteversion. Anteroposterior weight-
bearing radiography of the lower limbs with the feet 
straight forward (a) and with the feet externally rotated 
(b). Mechanical axis—varus deformity (red line). In the 

coronal plane, the patella should be centered in the middle 
of the distal femur unless the patella is known to be sub-
luxed laterally. Observe how with the feet straightforward 
the patella is inward and with the knee joint pointing for-
ward the feet points laterally

11  Is There a Surgical Treatment of Patellofemoral Pain?
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axis falls near the medial tibial spine. A normal 
mechanical axis is actually near the medial tib-
ial spine, not in the center of the knee joint. The 
patella must always be pointing straightforward, 
and it should also be in the middle of the distal 
femur on the anteroposterior image. We use a 
lateral TomoFix plate (DePuy Synthes) for oste-
otomy fixation.

We always use a drain to reduce risk of hema-
toma and compartment syndrome. If the anterior 
compartment is very tight, we leave the fascia 
open.

We encourage active hip, knee, and ankle 
motion immediately after surgery. The patient 
uses crutches to prevent bearing weight with the 
operated leg. Loading is permitted after 6 weeks.

11.5	 �Conclusion

The gold standard in the treatment of AKP is 
physical therapy within the patient’s envelope 

of function. Surgery for AKP is a last resort, and 
very often it is not needed. However, certain sur-
gical procedures in a carefully selected patient 
can significantly improve AKP resistant to all 
non-operative alternatives. Surgical treatment 
must be considered only when well-documented 
anomalies amenable to a specific targeted inter-
vention are present, especially when there is evi-
dence of focal patellofemoral overload. Every 
surgical treatment ought to be tailor-made just 
because every person is different. For example, 
when focal pathology, such as synovial hypertro-
phy around the inferior pole of the patella or peri-
patellar synovitis, can be identified, procedures 
to debride inflammatory foci in the synovium can 
be very successful. Finally, in some cases, major 
surgery, such as osteotomy, to correct abnormal 
femoral and tibial torsion may be essential for 
the optimal treatment of AKP. In our experience, 
AKP patients with an underlying torsional abnor-
mality respond very well to derotational correc-
tive osteotomies.

Fig. 11.13  In most of the cases, the varus is not real, but 
it is a reflection of the tibial torsion (thus pseudo-varus). A 
varus correction after isolated internal tibial rotational 

osteotomy can be observed on the left limb. (Reused with 
permission from AME Publishing Company. From 
Sanchis-Alfonso et al. Ann Joint 2018; 3:26)

V. Sanchis-Alfonso et al.



165

References

	 1.	Post WR, Dye SF.  Patellofemoral pain: an enigma 
explained by homeostasis and common sense. Am J 
Orthop (Belle Mead NJ). 2017;46(2):92–100.

	 2.	Post WR. “Conservative” surgical treatment for ante-
rior knee pain. Ann Joint. 2018;3:68.

	 3.	Sanchis-Alfonso V, McConnell J, Monllau JC, 
Fulkerson JP. Diagnosis and treatment of anterior knee 
pain. JISAKOS. 2016;1:161. https://doi.org/10.1136/
jisakos-2015-000033.

	 4.	Sanchis-Alfonso V. Treating complications of opera-
tive management for patellofemoral pain. Ann Joint. 
2018;3:27.

	 5.	Dye SF. The pathophysiology of patellofemoral pain: 
a tissue homeostasis perspective. Clin Orthop Relat 
Res. 2005;436:100–10.

	 6.	Lee TQ, Yang BY, Sandusky MD, McMahon 
PJ. The effects of tibial rotation on the patellofemo-
ral joint: assessment of the changes in in situ strain 
in the peripatellar retinaculum and the patellofemo-
ral contact pressures and areas. J Rehabil Res Dev. 
2001;38:463–9.

	 7.	Collins NJ, Bierma-Zeinstra SM, Crossley KM, 
van Linschoten RL, Vicenzino B, van Middelkoop 
M.  Prognostic factors for patellofemoral pain: a 
multicentre observational analysis. Br J Sports Med. 
2013;47(4):227–33.

	 8.	Tensho K, Akaoka Y, Shimodaira H, Takanashi 
S, Ikegami S, Kato H, Saito N.  What compo-
nents comprise the measurement of the Tibial 
tuberosity-trochlear groove distance in a patel-
lar dislocation population? J Bone Joint Surg Am. 
2015;97(17):1441–8.

	 9.	Sanchis-Alfonso V.  Holistic approach to under-
standing anterior knee pain. Clinical implica-
tions. Knee Surg Sports Traumatol Arthrosc. 
2014;22(10):2275–85.

	10.	Bastos-Filho R, Naruo M, Servien E, Lustig S, Neyret 
P (2014) Role of rotational osteotomy in the treatment 
of patellofemoral dysfunction. In: Gobbi A, et  al. 
(eds.) The patellofemoral joint. ISAKOS.  Springer 
pp 181–190

	11.	Bruce WD, Stevens PM. Surgical correction of mis-
erable malalignment syndrome. J Pediatr Orthop. 
2004;24(4):392–6.

	12.	Cameron JC, Saha S. External tibial torsion: an under-
recognized cause of recurrent patellar dislocation. 
Clin Orthop Relat Res. 1996;328:177–84.

	13.	Cooke TD, Price N, Fisher B, et  al. The inwardly 
pointing knee. An unrecognized problem of exter-
nal rotational malalignment. Clin Orthop Relat. 
1990;260:56–60.

	14.	Delgado ED, Schoenecker PL, Rich MM, Capelli 
AM. Treatment of severe torsional malalignment syn-
drome. J Pediatr Orthop. 1996;16(4):484–8.

	15.	Dickschas J, Tassika A, Lutter C, Harrer J, Strecker 
W.  Torsional osteotomies of the tibia in patello-
femoral dysbalance. Arch Orthop Trauma Surg. 
2017;137(2):179–85.

	16.	Dickschas J, Harrer J, Reuter B, Schwitulla J, Strecker 
W. Torsional osteotomies of the femur. J Orthop Res. 
2015;33(3):318–24.

	17.	Dickschas J, Harrer J, Pfefferkorn R, Strecker 
W. Operative treatment of patellofemoral maltracking 
with torsional osteotomy. Arch Orthop Trauma Surg. 
2012;132(3):289–98.

	18.	Eckhoff DG, Brown AW, Kilcoyne RF, Stamm 
ER. Knee version associated with anterior knee pain. 
Clin Orthop Relat Res. 1997;339:152–5.

	19.	Fouilleron N, Marchetti E, Autissier G, Gougeon F, 
Migaud H, Girard J. Proximal tibial derotation oste-
otomy for torsional tibial deformities generating 
patello-femoral disorders. Orthop Traumatol Surg 
Res. 2010;96(7):785–92.

	20.	Hinterwimmer S, Rosenstiel N, Lenich A, Waldt S, 
Imhoff AB.  Femoral osteotomy for patellofemoral 
instability. Unfallchirurg. 2012;115(5):410–6.

	21.	Lerat JL, Raguet M. Results of derotation osteotomies 
in the adult. Rev Chir Orthop. 1982;68:64–6.

	22.	Meister K, James SL.  Proximal tibial derotation 
osteotomy for anterior knee pain in the miserably 
malaligned extremity. Am J Orthop (Belle Mead NJ). 
1995;24:149–55.

	23.	Naqvi G, Stohr K, Rehm A. Proximal femoral derota-
tion osteotomy for idiopathic excessive femoral ante-
version and intoeing gait. SICOT J. 2017;3:49.

	24.	Nelitz M.  Femoral Derotational osteotomies. Curr 
Rev Musculoskelet Med. 2018;11:272. https://doi.
org/10.1007/s12178-018-9483-2.

	25.	Paulos L, Swanson SC, Stoddard GJ, Barber-Westin 
S. Surgical correction of limb malalignment for insta-
bility of the patella: a comparison of 2 techniques. Am 
J Sports Med. 2009;37(7):1288–300.

	26.	Stevens PM, Gililland JM, Anderson LA, Mickelson 
JB, Nielson J, Klatt JW. Success of torsional correc-
tion surgery after failed surgeries for patellofemoral 
pain and instability. Strategies Trauma Limb Reconstr. 
2014;9(1):5–12.

	27.	Takagi S, Sato T, Watanabe S, Tanifuji O, Mochizuki 
T, Omori G, Endo N.  Alignment in the transverse 
plane, but not sagittal or coronal plane, affects the 
risk of recurrent patella dislocation. Knee Surg 
Sports Traumatol Arthrosc. 2017;26:2891. https://doi.
org/10.1007/s00167-017-4806-1.

	28.	Teitge RA.  Patellofemoral syndrome a paradigm 
for current surgical strategies. Orthop Clin N Am. 
2008;39:287–311.

	29.	Teitge RA.  Does lower limb torsion matter? Tech 
Knee Surg. 2012;11:137–46.

	30.	Teitge RA. The power of transverse plane limb mal-
alignment in the genesis of anterior knee pain—clini-
cal relevance. Ann Joint. 2018;3:70.

	31.	Flandry F, Hughston JC.  Complications of extensor 
mechanism surgery for patellar malalignment. Am J 
Orthop (Belle Mead NJ). 1995;24(7):534–43.

	32.	Lee TQ, Anzel SH, Bennett KA, Pang D, Kim 
WC. The influence of fixed rotational deformities of 
the femur on the patellofemoral contact pressures in 
human cadaver knees. Clin Orthop. 1994;302:69–74.

11  Is There a Surgical Treatment of Patellofemoral Pain?

https://doi.org/10.1136/jisakos-2015-000033
https://doi.org/10.1136/jisakos-2015-000033
https://doi.org/10.1007/s12178-018-9483-2
https://doi.org/10.1007/s12178-018-9483-2
https://doi.org/10.1007/s00167-017-4806-1
https://doi.org/10.1007/s00167-017-4806-1


166

	33.	Lee TQ, Morris G, Csintalan RP.  The influence of 
tibial and femoral rotation on patellofemoral con-
tact area and pressure. J Orthop Sports Phys Ther. 
2003;33:686–93.

	34.	Passmore E, Graham HK, Pandy MG, Sangeux 
M. Hip- and patellofemoral-joint loading during gait 
are increased in children with idiopathic torsional 
deformities. Gait Posture. 2011;63:228–35.

	35.	Sanchis-Alfonso V, Montesinos-Berry E.  Is lat-
eral retinacular release still a valid surgical option? 
From release to lengthening. Ann Transl Med. 
2015;3(19):301.

	36.	Lattermann C, Drake GN, Spellman J, Bach BR Jr. 
Lateral retinacular release for anterior knee pain: 
a systematic review of the literature. J Knee Surg. 
2006;19(4):278–84.

	37.	Fithian DC, Paxton EW, Post WR, Panni AS, 
International Patellofemoral Study Group. Lateral 
retinacular release: a survey of the interna-
tional Patellofemoral study group. Arthroscopy. 
2004;20(5):463–8.

	38.	Sanchis-Alfonso V, Merchant AC.  Iatrogenic medial 
patellar instability: an avoidable injury. Arthroscopy. 
2015;31(8):1628–32.

	39.	Kasim N, Fulkerson JP. Resection of clinically local-
ized segments of painful retinaculum in the treatment 
of selected patients with anterior knee pain. Am J 
Sports Med. 2000;28:811–4.

	40.	Felli L, Formica M, Lovisolo S, Capello AG, Alessio-
Mazzola M. Clinical outcome of arthroscopic lateral 
retinacular release for symptomatic bipartite Patella in 
athletes. Arthroscopy. 2018;34(5):1550–8.

	41.	Maier D, Bornebusch L, Salzmann GM, Südkamp 
NP, Ogon P.  Mid- and long-term efficacy of the 
arthroscopic patellar release for treatment of patellar 
tendinopathy unresponsive to nonoperative manage-
ment. Arthroscopy. 2013;29(8):1338–45.

	42.	Rooney A, Wahba AJ, Smith TO, Donell ST. The sur-
gical treatment of anterior knee pain due to infrapa-
tellar fat pad pathology: a systematic review. Orthop 
Traumatol Surg Res. 2015;101(4):469–75.

	43.	Norris M, Corbo G, Banga K, Johnson M, Sandig 
M, Smallman T, Getgood A, Burkhart TA. The bio-
mechanical and morphological characteristics of 
the ligamentum mucosum and its potential role in 
anterior knee pain. Knee. 2018;25:1134. https://doi.
org/10.1016/j.knee.2018.08.017.

	44.	Smallman TV, Portner OT, Race A, Shekitka K, 
Mann K. Arthroscopic untethering of the fat pad of 
the knee: release or resection of the Infrapatellar Plica 
(Ligamentum Mucosum) and related structures for 
anterior knee pain. Arthrosc Tech. 2018;7(5):e575–88.

	45.	Vega J, Golanó P, Pérez-Carro L.  Electrosurgical 
arthroscopic patellar denervation. Arthroscopy. 
2006;22(9):1028.e1–3.

	46.	Miltner O, Siebert CH, Schneider U, Niethard FU, 
Graf J.  Patellar hypertension syndrome in adoles-
cence: a three-year follow up. Arch Orthop Trauma 
Surg. 2003;123(9):455–9.

	47.	Watson NA, Duchman KR, Grosland NM, Bollier 
MJ.  Finite element analysis of Patella Alta: a 
Patellofemoral instability model. Iowa Orthop J. 
2017;37:101–8.

	48.	Carofino BC, Fulkerson JP.  Anteromedialization 
of the tibial tubercle for patellofemoral arthritis in 
patients >50 years. J Knee Surg. 2008;21(2):101–5.

	49.	Fulkerson JP, Becker GJ, Meaney JA, Miranda M, 
Folcik MA. Anteromedial tibial tubercle transfer with-
out bone graft. Am J Sports Med. 1990;18(5):490–6.

	50.	Saltzman BM, Rao A, Erickson BJ, Cvetanovich GL, 
Levy D, Bach BR Jr, Cole BJ. A systematic review of 
21 Tibial tubercle osteotomy studies and more than 
1000 knees: indications, clinical outcomes, compli-
cations, and reoperations. Am J Orthop (Belle Mead 
NJ). 2017;46(6):E396–407.

	51.	Gelber PE, Perelli S, Ibañez M, Ramírez-Bermejo 
E, Fariñas O, Monllau JC, Sanchis-Alfonso V. Fresh 
osteochondral patellar allograft resurfacing. Arthrosc 
Tech. 2018;7(6):e617–22. https://doi.org/10.1016/j.
eats.2018.04.001. eCollection 2018 Jun

	52.	Liao TC, Yang N, Ho KY, Farrokhi S, Powers 
CM. Femur rotation increases patella cartilage stress 
in females with patellofemoral pain. Med Sci Sports 
Exerc. 2015;47(9):1775–80.

	53.	Carson WG Jr, James SL, Larson RL, Singer KM, 
Winternitz WW.  Patellofemoral disorders: physical 
and radiographic evaluation. Part I: Physical exami-
nation. Clin Orthop Relat Res. 1984;185:165–77.

	54.	Staheli LT. Torsion-treatment indications. Clin Orthop 
Relat Res. 1989;247:61–6.

	55.	Staheli LT, Corbett M, Wyss C, King H.  Lower-
extremity rotational problems in children. Normal 
values to guide management. J Bone Jt Surg Am. 
1985;67(1):39–47.

	56.	Kaiser P, Attal R, Kammerer M, Thauerer M, 
Hamberger L, Mayr R, Schmoelz W. Significant dif-
ferences in femoral torsion values depending on the 
CT measurement technique. Arch Orthop Trauma 
Surg. 2016;136(9):1259–64.

	57.	Parikh S, Noyes FR. Patellofemoral disorders: role of 
computed tomography and magnetic resonance imag-
ing in defining abnormal rotational lower limb align-
ment. Sports Health. 2011;3(2):158–69.

	58.	Botser IB, Ozoude GC, Martin DE, Siddiqi AJ, 
Kuppuswami S, Domb BG.  Femoral anteversion in 
the hip: comparison of measurement by computed 
tomography, magnetic resonance imaging, and physi-
cal examination. Arthroscopy. 2012;28(5):619–27.

	59.	Murphy SB, Simon SR, Kijewski PK, Wilkinson RH, 
Griscom NT. Femoral anteversion. J Bone Joint Surg 
Am. 1987;69(8):1169–76.

	60.	Yoshioka Y, Cooke TD.  Femoral anteversion: 
assessment based on function axes. J Orthop Res. 
1987;5(1):86–91.

	61.	Kuroda R, Kambic H, Valdevit A, Andrish 
JT.  Articular cartilage contact pressure after tibial 
tuberosity transfer. A cadaveric study. Am J Sports 
Med. 2001;29(4):403–9.

V. Sanchis-Alfonso et al.

https://doi.org/10.1016/j.knee.2018.08.017
https://doi.org/10.1016/j.knee.2018.08.017
https://doi.org/10.1016/j.eats.2018.04.001
https://doi.org/10.1016/j.eats.2018.04.001

	11: Is There a Surgical Treatment of Patellofemoral Pain?
	11.1	 Background
	11.2	 When Surgery Is Needed: General Principles
	11.3	 Minimally Invasive Surgical Procedures
	11.4	 Major Surgical Procedures: Osteotomies
	11.4.1	 Torsional Malalignment of the Lower Limb
	11.4.1.1	 Rationale
	11.4.1.2	 Clinical Evaluation
	11.4.1.3	 Measuring Torsion
	11.4.1.4	 Surgical Tips in Rotational Osteotomies


	11.5	 Conclusion
	References


